This article contains supporting information online at: xxx. 30 31 32 2 33 Abstract 34 Despite the negative economic and ecological impact of weeds, relatively little is known about 35 the evolutionary mechanisms that influence their persistence in agricultural fields. Here, we use a 36 resurrection ecology approach and compare the genetic and phenotypic divergence of temporally 37 sampled seed progenies of Ipomoea purpurea, an agricultural weed that is resistant to 38 glyphosate, the most widely used herbicide in current-day agriculture. We found striking 39 reductions in allelic diversity between cohorts sampled nine years apart (2003 vs 2012), 40 suggesting that populations of this species sampled from agricultural fields have experienced 41 genetic bottleneck events that have led to lower neutral genetic diversity. Heterozygosity excess 42 tests indicate that this bottleneck may have occurred prior to 2003. Further, a greenhouse assay 43 of individuals sampled from the field as seed found that populations of this species, on average, 44 exhibited modest increases in herbicide resistance over time. Our results show that populations 45 of this noxious weed, capable of adapting to strong selection imparted by herbicide application, 46 may lose genetic variation as a result of this or other environmental factors. We likely uncovered 47 only modest increases in resistance between sampling cohorts due to a strong and previously 48 identified fitness cost of resistance in this species, along with the potential that non-resistant 49 migrants germinate from the seed bank.
Introduction 53
The influence of human mediated selection is perhaps nowhere more prevalent than in 54 the agricultural system. Agricultural weeds, in particular, provide excellent case studies of accurate to within a few meters. Agricultural fields are highly disturbed by tilling and harvesting 140 each year, and morning glories are predominantly found in areas that have recently experienced 141 soil disturbance via tilling; as a result, this system is not amenable to the maintenance of long-142 term transects. We are thus making the assumption that adult plants present within the same 143 agricultural field, and located within the nearest distance to the GPS coordinates in 2012 are the 144 descendants of the 2003 cohort. Preliminary data from >5,000 SNPs generated by genotype-by- 145 sequencing has identified a high number of independent genetic clusters in population structure 146 analyses and a low proportion of recent immigrants into populations (Alvarado-Serrano et al. 147 unpublished data) indicating that our assumptions herein are largely realistic. We estimated 148 population size in the 2012 sampling year by counting the numbers of individuals down a linear 149 transect. 150 Of the 26 populations that were sampled both years, we randomly chose 10 to examine 154 (see Kuester et al.2015) . The numbers of maternal lines sampled per population were 155 approximately equal between the sampling years and exact numbers are presented in Table S2 . 156 To assay herbicide resistance among populations and between sampling years, we planted evidence that potential null alleles altered our estimates or the main conclusions. Details of these 184 analyses are presented in the Supporting Information section. 185 Temporal genetic differentiation and diversity. We examined the potential that seeds sampled 186 across collection years were genetically differentiated from one another in two ways. First, we 187 estimated genetic differentiation between years (F RT ) using hierarchical AMOVA in GenAlEx v. 188 6.5 . We also performed individual assignment (Paetkau et al. 1995 ; 189 Cornuet et al. 1999) of individuals to sampling year using GeneClass2 (Piry et al. 2004 ). For 190 individual assignment, the inability to assign individuals to a specific sampling year would 191 indicate that individuals sampled in 2012 had not diverged in allelic composition compared to 192 the individuals sampled in 2003. We used the Bayesian method described by Baudouin and 193 Lebrun (Baudouin & Lebrun 2000) as a criterion for computation, and individual assignment was 194 performed using the leave-one-out procedure (Paetkau et al. 2004) , where the genotype to be 195 assigned was not included in the population from which it was sampled. We report the -log 
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This program examines the potential for greater expected heterozygosity based on allelic 209 diversity relative to expected heterozygosity estimated under mutation-drift equilibrium (Nei et 210 al. 1975; Cornuet & Luikart 1996) . If a significantly high proportion of loci exhibit an allele 211 deficiency relative to expectations based on mutation-drift equilibrium, the population would 212 show signs of a recent reduction in the effective population size and thus a bottleneck (Nei et al. 213 1975; Cornuet & Luikart 1996) . We conditioned analyses on the infinite alleles model (IAM), 214 the step-wise mutation model (SMM) and the two-phase model (TPM) of microsatellite mutation 215 since we are using microsatellites with a range of repeat motif types-dimeric, trimeric, and 216 imperfect motifs-and thus we have no a priori reason to select one particular mutational model 217 over another (repeat types presented in STable2 of (Kuester et al. 2015) ). All analyses were 218 performed across 1000 iterations assuming mutation-drift equilibrium, and significance was Resistance screen. We examined the potential that populations and sampling years varied for 223 resistance using univariate mixed-model analyses of variance. We assessed resistance in two 224 ways-first, as a measure of the number of individuals within populations that died as a result of 225 herbicide application, and second, as a measure of the amount of biomass change following 226 herbicide application. We used the glmer option of the lme4 package in R (Bates et al. 2011 ) and 227 modeled survival as a binary character (0/1) and used the lmer option to assess biomass 228 remaining post-herbicide. In each model, replicate greenhouse experiment, herbicide treatment, 229 collection year, and population were the independent variables with survival or standardized 230 biomass as the dependent variables. We included interactions between population and collection 231 year as well as population, collection year and treatment. Population and its interaction terms 232 were considered random effects in each model whereas all other effects were fixed. We our estimates of genetic diversity by removing loci with >25% putative null allele frequencies 272 across populations and re-estimated indices of genetic diversity. We found no evidence that loci 273 with potential null alleles altered our estimates of genetic diversity or the conclusion that 274 diversity is altered between sampling years (Table S3 , Supporting Information). 275 We further examined changes in the patterns of allelic diversity by investigating the increase in the number of alleles, putatively due to migration, drift, or mutation. 289 We tested for a signature of bottleneck events in both the 2003 and 2012 samples using 290 the BOTTLENECK program, and found that significance of these tests depended on both the under all three models of microsatellite evolution (Table 2) . No populations from 2012 exhibited 295 evidence of heterozygote excess and thus signs of a bottleneck following corrections for multiple 296 tests ( Table 2) . 297 We next estimated the effective number of individuals from each sampling year using 298 expected heterozygosity and the equation H e = 4N e µ (Nagylaki 1998) with a mutation rate, µ, of were more similar to one another than to individuals sampled as seed from the same location in that the estimate of F RT was inflated by loci that potentially harbored null alleles; however, after 314 removing these loci from analysis, we found that the F RT estimate was still significantly different 315 from zero, indicating the presence of between-year genetic differentiation (F RT(8 loci) = 0.133, P = 316 0.001, Table S4 ). We did not remove loci with potential null alleles from genotypic assignment 317 as these tests are not greatly influenced by their presence ).
318
Phenotypic divergence. We examined resistance traits (survival and biomass post-herbicide 319 application) to determine if there was evidence of changes in resistance between sampling years.
320
Our mixed-effects analyses of variance uncovered a significant year effect for biomass remaining 321 after herbicide application (F 1, 3595 = 4.72, P = 0.03; Table 3 ). On average across all populations, 322 the biomass remaining post-spray of the 2012 cohort was slightly greater than that of the 2003 323 cohort (62% vs. 57% in 2012 and 2003, respectively) suggesting moderate increases in resistance 324 across populations sampled in 2012 (see Table S5 for averages (±SE) among all populations). 325 Likewise, a higher percentage of individuals sampled in 2012 survived herbicide application 326 compared to those sampled from 2003 (49% vs 42%), but this difference was not significant (F 1, 327 5365 = 2.58, P = 0.11; Table 3 ).
328
As in previous work (Kuester et al. 2015) , we identified significant population effects for 329 both measures of resistance (Table 3) , indicating that populations vary across the landscape for 330 their relative level of herbicide resistance. Here, however, we also find population by year effects 331 in each analysis, indicating that populations differ in their level of resistance across years 332 (Survival, χ 2 = 23.74, P < 0.001; Biomass, χ 2 = 7.92, P = 0.005; Table 3 ). One population's 333 survival increased by 79% compared to 2003, indicating that some populations may respond 334 more readily with increased resistance than others. In general, three populations sampled from argues for a bottleneck that was either very strong or occurred more than once, or both. While 370 there are no studies, to our knowledge, that examine the temporal genetics of agricultural weed 371 populations for comparison, it is of note that the average loss of allelic richness that we identified 372 across populations (on average 15% lower between cohorts) is similar in magnitude to that of Table S1 for sites used for resistance measurements). The percent survival following 3.4 kg ai/ha of RoundUp is indicated in color. Sites were sampled at least 5 km apart. 
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Materials and Methods
Scoring accuracy and allelic composition of populations/sampling years-We estimated the scoring error rates per locus by randomly selecting and re-scoring the genotypes of 200 individuals. We found our scoring error rate to be very low across loci: IP31 (0%), IP2 (3.7%), IP27 (0%), IP8 (0%), IP34 (0%), IP1 (0%), IP36 (6.52%), IP47 (1.45%), IP12 (1.45%), IP21 (5.07%), IP6 (1.45%), IP45 (2.17%), IP26 (2.17%), IP42 (3.62%). . We examined the frequencies of potential null alleles across loci × population combinations using GenePop v 4.5.1 and identified loci (IP2f, IP27f, IP18f, IP12f, IP21f, IP26f, IP42f) with null alleles at a frequency of >25%, on average, across populations. We removed these loci from both the 2003 and 2012 datasets (leaving eight loci: IP31, IP8, IP34f, IP1f, IP36, IP47f, IP6f, IP45f) and estimated expected heterozygosity, allelic richness, effective and absolute number of alleles using GenAlEx v. 6.5 (Pekall and Smouse 2012). All diversity estimates remained significantly lower in the 2012 data (Table S3 ) indicating that null alleles were not responsible for the reduced genetic variation in the 2012 populations compared to the 2003 populations. We likewise estimated genetic differentiation between years using hierarchical AMOVA in GenAlEx v. 6.5 
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